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sm4MARY
An investigateionhasbeenmadetodeterminetheaerodynamicchar-
acteristicsofa cruciform700delta-wingmissileconfigurationwith
70° deltacanardcontrolsurfacesat M = 1.41 intheIangley4-by
4-footsupersonicpressuretunnel.Thecompletemodel,variouscombi-
nationsof componentparts,andmodificationsto thebasicconfiguration
weretestedthroughan angle-of-attackrangeof 0°to about280at a
sideslipangleof 0°andthroughan angle-of-sidesliprangeof0° to
about20°at an angleof’attackof OO. Edificationsto theconfigu-
rationincludedvariationof thebodylengthandcanardareaandthe
substitutionfa seriesofverysmallspanwingsforthecruciformdelta
WiIlgSandcanardCOIltiOh.
—
Thecruciform,canard-typemissilewithoptimum
locationhada maxtiwntrimsm.gleofattackofabout
horizontal-canarddeflectionof12°. Theshortbody
of15.7)withtheverysmallspanwingtidicatedthe
obtaininglowstaticmarginandhighmaneuverability
center-of-gravitylocation.
INTRODUCTION
.
center-of-gravity
160wi~ a
(finenessratio
possibilityof
fortheopttium
h connectionwiththedevelopmentofmissileconfigurationswith
canardcontrolsurfaces,an investigationhasbeenconductedin.the
Langley4-by 4-footsupersonicpressuretunnelto detsxmlnethelongi-
tudinalandlateralaerodynamiccharacteristicsof a seriesof such
configurations.Themodelshadcruciformwingsandcanardcontrolsof
deltaplanformwith70° sweptleadingedgesandwereequippedwithall-
* movablecanardsurfacesforbothpitchandyawcontrolandmovablewing-
tipaileronsforroll.Control.
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Theresultsofan investigationoftheeffectsofbodylength(fine-
nessratiosof 14.8, 15.7, 16.7, 17.7, and19.1)onthelongitudinal
stabilityandcontrolcharacteristicsofthesemissilesata Machnumber
of2.01arepresentedinreference1. Theaerodynamiccharacteristics
of thecanardsurfacesinthepresenceoftheftienessratio19.1body
at a Machnumberof1.61arepresentedinreference2. Theresultsof
an investigationmadeata Machnumberof2.01todeterminetheeffects
oflargedeflectionsofthecanardcontrolanddeflectionsofthewing-
tipcontrolsontheaerodymmicharacteristicsofthefineness
ratio15.7configurationarepresentedinreference3.
Someoftheseconfigurationswereselectedforfurthertestsat a
Machnumberof 1.41 andtheresultsarepresentedherein.Thebasic
configurationwasa csrmrd-typecruciformwingarrangementwitha body
finenessratioof15.7. Variousccxnponentparts,includingthebody
alone,thebody-wingcombination,andthebody-canardcombination,were
investigated.Inaddition,theeffectofvaryingthecsmardsizewas
investigatedonthebodyaloneandon theccmpletemodel.
Furthermodificationsincludedtheadditionofnarrowfull-length
longitudinalstrips,simulatingverysmallspanwings,alongthecenter
lineofthebody-aloneconfigurationforboththefinenessratio15.7
bodyanda finenessratio19.1body. Thesestripswereaddedinan
effort o improvethelinearityofthenormal-forceandpitching-moment
coefficientsathigheranglesofattackby alteringthebodycrossflow
characteristics.h addition,thissmell-spantypeofliftingsurface
isofcurrentinterestasa meansofalleviatingtheproblemofmissile
stowageinmilitaryaircraft.
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SYMBOIS —
Theresultsofthetestsarepresentedas stsmdardNACAcoefficients
offorcesandmomentsreferredtothebodyaxissystem(fig.1)withthe
momentreferencepointforallconfigurationslocated6.25bodydiameters
forwardofthebaseofthebody(-19.5percentofthewingmeanaero-
dynamichord).Allcoefficients,includingthosefortheconfigurations
withthesmallspanwing,arebasedonthetotalareaofthecruciform
deltawingresultingfromextendingthewingleadingandtrailingedges
to thebodycenterline.
CN normal-forceoefficient(N/qS)
cc chord-forceoefficient(c/qs)
l
.
cm pitching-momentcoefficient(M’/qSE)
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lateral-forceoefficient,Y/qs
rolling-mmnentcoefficient,L/qS5
yawing-momentcoefficient,N‘/qSC
lift-dragratio
normalforce
chordforce
pitchingmoment
lateralforce
rollingmoment
Machnumber
yawingmoment
sta~ationpressure
free-streamdynamicpressure
totalwingarearesultingfromextendingwingleadingedge
andtrailingedgetobodycenterline
wingmeanaerodynamicchord
diameterofbody
spanofwing
.
lengthofbody
distancefromnosealongbodycenterline
longitudinalshiftinmomentreferencepoint,positiverearward
angleofattack,deg
angleof sideslip,deg
angleofroll,deg
.
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5E horizontal-canarddeflectionangle
/
‘Ce~ ‘%e~ ratioof exposedareaof cansrdsurfaceto exposedwingarea
—
.
MODELSANDAPPARATUS
Sketchesofthemodelsme showninfigure2. Thegeometricchar-
acteristicsofthemodelsarepresentedintable1.
Thebodyofthemodelwascomposedofa parabolicnosefollowedby
thefrustmofa conewhichwasfairedintoa cylinder.Thebodylength
wasvariedthroughtheuseofdifferentlengthsofthecylindrical
portion.Resultingbodyfinenessratioswere1’3.7and19.1. Coordinates
ofthebodysregivenintable11. Thecansrdsurfacesandthewinghad
deltaplanformswith70°sweptleadingedgesandhexagonalsections.
Theratioof exposedcanardareato exposedwingareaforthebasic
—
configurationwas0.10. Thehorizontalcanardwasmotordrivenand
deflectionscouldbe setby remotecontrol;thevertical-canarddeflec-
tionsweresetmanually.A seriesofthinlongitudinalstrips hmil.sting
verysmallspanwings(b/dratiosof1.19,and1.38)weretestedonthe l
finenessratio15.7body. Thesmall-spanwingshavingb/dratiosof1.19,
1.38,and2.05weretestedonthefinenessratio19.1body. Detailsof
theseconfigurationsareshowninfigure2.
.
Thesmallspanwingswere
attachedinthehorizontalplaneonly.
Forcemeasurementsweremadethroughtheuseofa 6-componentinter-
nalstrain-gagebalance.Themodelwasmountedinthetunnelona
—
remotelycontrollablerotary-typesting.Theangle-of-attackrangewas
—
from0°toabout28° atrollanglesof0°andgo”. Theangle-of-sideslip
rangewasfrom0°toabout20°.
TESTS,CORRE&IONS,ANDACCURACY
Theconditionsforthetestswere:
Machnumber . . . . . . . . . . . . . . . . . . . . . . . . . . . 1.41
Stagnationtemperature,‘F. . . . . . . . . . . . . . . . . . . . 100
Stagnationpressures,lb/sqin.abs . . . . . . . . . .-. 4.0and10.~
Reynolds
The
less) so
section.
numbers,-%asedonE . . . . . . . . 1.17Xl& and3.13 Xlb
stagnationdewpointwasmaintainedsufficientlyow(-25°For
thatno condensationeffectswereencounteredinthetest
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Theangleofattackandangleof sideslipwerecorrectedfor.the
deflectionofthebalanceandstingunderload. TheMachrnnnbervari-
. ationinthetestsectionwasapproximately*0.01andtheflow-anglevari-
ationintheverticalandhorizontalplanesdidnotexceedabout*O.lO.No
correctionswereappliedto thedatatoaccountfortheseflowvariations.
Thebasepressurewasmeasuredandthechordforcewasadjustedtoa base
pressurequalto thefree-streamstaticpressure.
Theestimatederrors(includingcalibrationerrors,zeroshift,
instrumenterror,andrepeatability)intheindividualmeasuredquantities
areas follows:
I I Errorin -
‘ti@ation??ressme) Po)
lb/sqin.abs CN cc cm
10.7 to.006im.oo3to.-
4.0 k. 015 i.(K)7 t .0015
.
Ibththeangleofattackandangleof sideslipareestimatedtobe
.
correctwithin*O.lO.
RESULTSANDDISCUSSION
AerodynamicCharacteristicsofCruciformModelandComponentPsrts
Theaerodynamiccharacteristicsnpitch($Z!= 0°)ofthecomplete
cruciform-wingmodel(Z/d= 15.7)andcombinationsof itscomponentsare
presentedinthefollowingorder:bodyaloneandbodypluscanardsin
figure3,bodypluswingsinfigurek, andcompletemodelwithseveral
valuesofhorizontal-canardeflectionsinfigure5. Forthemoment-
centerlocationofthepresentests,a maximumtrimangleofattackof
about3.50wasobtainedfora 12°controldeflection.Deflectionofthe
horizontalcanardresultedinno apparentchangeintheslopeof the
pitching-momentcurve,indicatingegligibleeffectsof thecanardflow
fieldon thewings.Forthesameconfigurationat M= 2.01 (ref.1),
thestabilitywassl~ghtlydecreasedandthemaximumtrimangleofattack
wasabout4°. Theaerodynamiccharacteristicsnsideslip(@= 9°) of
thecompletemodel(z/d= 15.7)arepresentedinfigure6 forthevarious
valuesof ~H. Theslightlydifferatvaluesofforcesandmoments
obtainedfor @ = 0°* and @ = $0° probablyresultfromthedifferentlongitudinalpositionsofthehorizontalandverticalc~ds. Deflec-
tionof thehorizontalcanardat anangleof sideslipresultedin some
.
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inducedrollingmomentbuthadno apparenteffecton Cy and Cn. The
inducedrollingmomentsaresomewhatlargerthanthoseshownanddiscussed
inreference3 forthesaneconfigurationat M = 2.01. u
EffectsofCansxdSize
Theeffectsofvaryingtheareaofthecanardsontheaerodynamic
characteristicsofthebody-plus-canardsandthecomplete-modelconfigu-
rations(Z/d= 15.7)sreshowninfigures7 and8, respectively.These
resultswereobtatiedat # = 90° (correspondingto thesidesliplane)
withtheverticalcanardeflectedasthecontrolsurface.Thepitching-
momentandnormal-forceoefficientsshownwereobtainedfromtheyawing-
momentandside-forcem asurements.Thereductionin stabilityresulting
fromincreasingthecanardareaisonlyslightlygreater
modelthanforthebody-canardconfigurationwhichisan
onlya smallincreaseintheinterferenceeffectsof the
wing.
Effectsof SmallSpanWings
forthecomplete-
indicationof
canardonthe
.. -
Theeffectsontheaerodynamiccharacteristicsnpitchofadding
thesmallspanwingstothebodiesarepresentedinfigure9. Theresults
forthe Z/d= 19.1 bodyat CN valuesaboveabout0.3wereobtained
.
ata reducedtunnelstagnationpressure(4.0lb/sqin.abs)becauseof
pitching-momentlimitationsoftheinternalbalance.Theseresultsare -.
shownas dashedlineswithflaggedsymbolsinfigure9(b).
Additionof’thesmallspanwingsincreasesthechord-forceoeffi-
cient,aswouldbe expected.Nobasepressuremeasurementsweremade‘for - —
the
for
l/d
and
i/d= 19.1 body-alone,butit is-estimatedthatthevaluesof Cc
thisbodyshouldbe approxhnatel.ythesameas thoseshownforthe
= 15.7 bodyalone.
Additionofthesmallspanwingsproducedlargeincreasesin CN
Cm throughouttheangle-of-attackrange.
—
Comparisonof Small-Span-Winga d
Cruciform-WingConfigurations
Comparisonof thevaluesof L/D forthevariousmall-span-wing
configurations(fig.10)indicatestheexpectedincreasingvaluesof L/D *
as b/d becomeslarger.Sincethesmall-span-wingmodelshadonlytwo
.
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panels,thevaluesof L/D fortheseconfigurationsareslightlyopti-
misticincomparisonwiththecruciformmodels.The L/D valuesfora
four-panelconfigurationwouldbe onlyslightlylowerbecauseofthe
smallC!cincrement~duetothesmallspanwings.Foranglesofattack
up to 120,thecruciform-wingconfigurationmaintainsthehigherL/Dj
butabove120thereislittledifferenceinthevaluesof L/D forall
configurations.Forsmallspanwingswitha ratioof b/d of1.19,the
longer-body(l/d. 19.1)modelhadonlyslightlyhigherL/D thanthe
shorterbody.
“Theffecton Cm ofvaryingthecenter-of-gravitylocationforthe
bodieswiththesmall.spanwingsis showninfigure1.1.Theresultsfor “
the 2/d= 15.7 model(fig.n(a)) indicatea morelinearvariation
of Cm with a than dothoseforthe Z/d=19.1 model(fig.n(b)).
Fora,center-of-gravitylocationof x/2= O.&, theshortermodelexhibits
a ltiearpitching-momentvariationpermittingtheuseof a lowstatic
marginanditisconceivablethata small,rearwardcontrolsurfacemight
producehightrimanglesofattackanda highdegreeofmanueverability.
Center-of-gravitylocationsas farforwardas x/z= O.~ may,however,
be difficultoachieveinactualpractice.
Theeffectofvaryingthecenter-of-gravitylocationof thecruciform.
wingmodel(fig.12)indicatesthatfor 5H . 120 thetrimangleofattack
mightbe increasedfrom3.5°at x/Z= 0.60 to 160at x/Z= 0.68. Such
an opttiumcenter-of-gravitylocationforthecruciform-wingconfiguration
is,perhaps,morerealisticthanthatrequiredfortheverysmallspan
wing-bodyarrsagement.
CONCLUSIONS
An investigationhasbeenmadetodeterminetheaerodynamicchar-
acteristicsat M = 1.41 ofa cruciform70°delta-wingmissileconfigu-
rationwith700deltacanardcontrolsurfaces.Modificationstothe
configurationi cludedthesubstitutionfa seriesof verysmallspan
wingsforthecruciformdeltawingsandcansrdcontrols.Analysisof
theresultsof thisinvestigationhasindicatedthefollowingconclusions:
1.Forthesanecenter-of-gravitylocationthecruciform-wingmissile
hadgreaterlongitudinalstabilityandgreaterinducedrollingmoments
thanwasobtshedat M . 2.01.
2.Fortheoptimnmcenter-of-gravitylocation,a maxtiumtrimangle
ofattackofabout160wasobtainedwitha controldeflectionof 120for
thecruciform-wingmissile.
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3. Theshortbodymissilewitha smallspanwing(ratiof spanto
bodydiameterof1.38)withthecenterof ~avityat44percentof the
bodylengthaftofthenoseexhibiteda nearlylinearpitching-moment
vsriationwithangleofattackandtidicatedtheposs~bilityofobtaining
a verylowstaticmarginandhighmaneuverability.
LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronauticsj
LangleyField,Vs.,January28,1954.
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TABLEI
GEOMETRICCHARACTERISTICS
Cruciformwings:
Span,in. . . . . . . . . . . . . . . . . . . . . . . . . ...11.85
Chordatbodycenterline,in. . . . . . . . . . . . . . . . . 17.07
Chordatbodyintersection,in.. . . . . . . . . . . . . . . . 13.41
Area(leadingandtrailingedgesextendedtobody
bodycenterline),sqin.. . . . . . . . . . . . . . . . .. 104.8
Area(exposed)jsq in... . . . . . . . . . . . . . . . . . . 64.2
Aspectratio o....... . . . . . . . . . . . . . . . . . 1.40
Sweepamgleofleadingedge,deg . . . . . . . . . . . . . ...70
Thicknessratioatbodycenterline. . . . . . . . . . . . . 0.0147
Leading-edges ctionanglenormalto leadingedge,deg . . . . 15.6
!lkailing-edgesectionanglenormalto trailingedge,deg . . . . 7.4
Meanaerodynamicchord,in.. . . . . . . . . . . . . . . . . . 11.48
Canardsurfaces:
Aspectratio . . . . . . . . . . . . . . . . . . . . . . . . . 1.73
Sweepangl.eofleadingedge,deg . . . . . . . . . . . . . . . . 70
Ratioof canardexposedareatowingexposedarea. . O.@, 0.10,0.20
Area(exposed),sq in. . . . . . . . . . . . . . . 3.22,6.42,E.84
Eodies:
Maxinnndiameter,in. . . . . . . . . . . . . . . . . . . . . 2.67
Baseaxea,shin...... . . . . . . . . . . . . . . . . . . 5.58
Length,in. . . . . . . . . . . .. . . . . . . . . . . 42.oo,50.83
Finenessratio . . . . . . . . . . . . . . . . . . . . . 15.7,19.1
LowspanWbgs:
Thickness,in. . . . . . . . . . . . . . . . . . . . . . . . . 0.13
Width,in. . . . . . . . . . . . . . . . . . . . . 0.25,0.50,1.36
Ratioof spantobodydiameter. . . . . . . . . . 1.19,1.38,2.05
Exposedarea(onshortbody),sqti. . . . . . . . . . . 20.75,41.25
Exposedarea(onlongbody),sq in.. . . . . . 25.17,50.09,1.15.02
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TABLEII
BODYCOORDINATESIN INCHES
Ik3dystation Radius
o (Nose) o
.297 .076
.627 .156
.936 .233
1.285 .307
I..615 .378
1.945 .445
2.275 .509
2.605 l573
2.936 .627
3.267 .682
3.593 .732
3.929 .780
k.260 .824
4.592 .865
4.923 l903
5.255 .g40
5.587 .968
5.920 l9%
6.252 1.020
6.583 1.042
11.542 1.3331
Conicalsection
50.833 1.333 Cylindricalsection
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Figure l.- System of body exes. A.rrowa indicate positive values.
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Figure4.-Aerodynamiccharacteristicsnpitchofthebodypluswings.
Z/d= 15.7;g = 00;p = 00;C.g.at x~l= 0.60.
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plus-strip configurations.
3.2
.1
cmo
-J
-.2
cm
+ x/1 t
—
.67
\
/ ‘ -e/
/ .49
.45 -e
~
IJd ‘ 2.05
.3 I Wi
“.67
.2
/ / ‘ -.9
.1 / /
*
~ .45 -.0— --e
o = — — .
-.1
-.2
-.3
-+0 2 ~ ~ * 10 12 14 16
.
.
.
—
a, deg
(b) z/d= 19.1; b/d= 1.38 and2.@.
Figureil.- Concluded.
‘1.
‘ ,
I *
.1
0
cm-.1
-2
-3
.1
0
cm -Cl
-2
-3 0 2 4 6 8 10 12 14 16 18 20
Q, &g
Figure 3J?.- EHect of center-of-gravity location on ~ for the ccqlete
mcdel at two horizontal-cemml deflections. lld = 15.7;9 = OO.
